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ABSTRACT

Ouringthe early portionof the forward
burn phase of the Hoe Creek III field
experiment,the cavity propagatedrapidly
down the deviatedboreholeand to the top
of the coal seam. As a first step to
understanding this phenomena we have
conducted small scale coal block
experiments.Oryingas well as combustion
testswere performed. This paper describes
the test hardware and the experimental
results.

INTRODUCTION

Duringthe early portionof the forward
burn phase of the Hoe Creek III field
experiment, the burn front propagated
rapidlydown the deviatedboreholeand to
the top of the coal seam.1 Concurrently
with the burn propagation,intermittent
particulateproductionoccured.

As a result of this phenomena both
injectionwells (A, Pl) were damageddue to
combined thermal and mechanicaleffects.
This resultedin the movementof the oxygen
injectionpoint fromnear the bottomof the
Felix #2 coal seam to the top of the Felix
#2 coal seam. Injectingoxygenat the top
of the coal seam resulted in the
degradationof the product gas heating
valueas well as poor resourcerecoverydue
to heat losses to the overburden and
override.

Two mechanismswere postulatedfor this
propagationbehavior. One is that the
passageof hot gassesthroughthe deviated
boreholedries the coal and the coal then
spans and crumbles exposing fresh coal
which in turn dries and crumbles.
Progressivedrying and crumblingmoves the
deviatedboreholeto the top of the coal
seam. The other mechanismpostulatedwas
that the coal preferentiallyburns at the
top of the cavity due to bouyant forces.
This preference results in a continual
upward evolution of the cavity as the
forwardburn proceeds.

To test these hypothesisand provide
some explanation for the early time

behavior of the Hoe Creek III forward
gasificationwe have devised some simple
small scale reactor tests. Although we
recognizethe possiblescalingproblemswe
felt that small testswere a cost effective
firststep.

Both drying and combustionhave been
addressedand the followingdescribesthe
testresults.

EXPERIMENTATION

DryingExperiment

Our goal was to determine if upon
dryingat a relativelyhigh temperaturein
a non-oxidizingatmosphere,the coal had a
propensityto span and crumble. If this
were the case, then the particulate
excursionsas well as the earlyupgrowthof
the cavity could be explained by coal
dryingwith subsequentcollapse.

To constructthe necessaryreactorwe
cut a standard55 gallon drum in half. A
coal* block was installed in the upper
half and electricalresistanceheaters in
the lower half. Connectorswere installed
in the drum for injectionand exhaustingan
inert purge gas as well as feed throughs
for the thermocouples. Figure 1 depicts
the reactorready for test. Note that the
coal block is unsupportedand if spalling
and crumblingoccur, the particulate can
fall away from the block therebyexposing
freshcoal.

The total duration of the experiment
was 25 hours. The temperaturetime-history
of the exposedcoal is shown in Figure2.

‘For this and subsequent reactor
experiments,blocksof coal were collected
at Kerr-McGeemine near Gillette,Wyoming.
The coal blocks were trimmed to size,
placedin water filled55 gallondrums and
shipped to Livermore. This Roland seam
coal is 32.9%ash with a Dseudo-moleculeof
CH0095 whi:.19has M.014 aSIW;
489H20, dry,
molecularweiqht of 16!3. This coal is
verysimilart~ the Felixcoalat Hoe Creek.



To maintain an inert enviromnental during
this thermal cycle, the drum was purged
with 18 SCFH of argon gas.

Examination of the coal block after the
temperature cycle indicated that there was
no extensive spalling or crumbling. The
surface was cracked and dried, but the coal
was still self supporting. Scme effort was
required to break off chunks of the dried
coal . We concluded that the coal in this
geometry, at this scale, and under these
conditions does not span and crumble when
dried in an inert atmosphere. Consequently,
a simple drying model did not provide a
satisfactory explanation for the cavity
formation particulate production
observed during the Hoe Creek III
experiment.
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FIG. 2 - Temperature-time history for coal block
drying.

Other drying experiments (smaller in
scale ) were performed based on the results
of the combustion experiments. The results
are detailed in the following sections.

Combustion Experiments

Five forward burn cunbustion experiments
have been run to assess the effects of air
and/or oxygen/steam at various flow rates
on parly cavity fonmation.

Again a block of coal is potted in a
standard 55 gallon drum. Figure 3 is a
pictorial of the reactor. Assembly is
quite simple. After identification of the
coal bedding plane the block is placed in
the 55 gallon drum which in turn is marked
to orient the bedding plane with respect to
vertical. Plaster is then poured into the
drum to fill the annular space between the
coal block and the drum as well as the
space top and bottom. b 1/4 inch hole is
drilled through the block, which forms a
channel down which the burn progresses. A
short span (N7 inches) of this burnhole is
reamed and a 1/4” stainless steel tube is
potted in place using high temperature
cemment.’ Along with the tube a
resistance igniter is located at the tube
exit which is used as the ignition source
for the coal. Note that a thennowell iS
shown in Figure 3. This is used in
conjunction with a moveable thermocouple to
track the boundaries of the cavity as the
burn progresses. Because of the simplicity
of construction and ease of modification,
more than one thermowell has been used in
both the horizontal as well as vertical
configuration.

The LLL Laboratory Coal Gasifier
Facility metered the injection gas flows
and recorded the temperatures for all the
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FIG. 3- Cavity growth experiment reactor.

‘35.5 wtlo Type I Portland Cement, 37.8 wtlo
Silica flour, 0.1 wt/oTIC 26.6 Wo water.
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experiments.2 The rate and temperature
response data were collected and stored
using a Hewlett Packard 21MX/E minicomputer
at the facility. Temperature and flow rate
data were processed in real time and
results were displayed to aid in controlling
the experiment.

To date five tests have been conduced.
Table 1 summarizes the test program. Each
test is identified alono with the -5.?50
injectant (s ), average TIO; rate and
duration of test after ignition.

To characterize each test ad for
cc+nparison purposes, after completion of
the test the reactor is cut in two and the
cavity examined. The pertinent dimensions
of the free cavity formed as well as the

approximate dimensions of the dried zone
were obtained. These data are pictorially
represented in Figures 4,5,7a and 7b for
each of the tests both experiments 5 and 8
which were low flow Droduced essentially I-+750 4

—-6. 750 --l
identical cavities although the injectiok
was oxygen for 5 and air for 8. A cross
section typical of both is shown in Figure
4. Note that the aspect ratio (height to
width) is approximately 2:1 and the char
zone is essentially zer”o at the top of the
free cavitv. These low flow tests orovided
scme initial indication of how i cavity
might form early on in a forward burn. It

aPPears that the upward growth predominates.

FIG. 4- Typical cross secti.m for low
experiments (air or oxygen).

flow

a5
was
was

Experiment 10 was a duplicate of
Experiment 8 with the bedding planes
rotated 900 from vertical. As can be
seen in Fig. 5 the free cavity propagated
horizontally faster then vertically. This
indicates that at least i“ the Wyodak coal
the burn tends to propogate faster
perpendicular to the bedding planes than to
them.

A smaller coal block was potted in
gallon tin and a 1/481 diameter hole
drilled in it. A calrod h,ater
inserted and suitable plumbir ig attached to
allow for an argon purge. The power was
applied to the calrod and the temperature
of the coal in the middle of the block WaS
maintained at 500C for 8 hours. After the
thermal cycle the block was c“t in half.
Figure 6 is a representation of this cross
section. Examination of the dried coal
around the pre.drilled hole indicates that

As a result of these first three tests
we performed a simple drying test to test
the hypothesis that the Wyodak coal when
dried cracks in a preferential direction.

rable 1,h

b

Test
Iden~cation Injectant Flow Rate D-mation

Exp. 5 Oxygen
EXp. 8 Air
EXP. 10 Rir
EXP. 11 P.ir
EXP. 12 02steam

5 m-moleslsec 11.5 hours
25 m-moles{sec 10.5 hours
25 m-moles/see 10.5 hours
120 m-moles/see 3.5 hours
25 m-mole/see 02 l!.75 hours
60 n?-mole/sec steam
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FIG. 5- Cros. secti.n- of cavity for low flow
experiment with bedding plane coincident with
vertical

the coal exhibits an anisotropic behavior,
i.e. . the larcer cracks were Deroendicular
th ihe beddi;g plane parallel with the
cleat structure. This tends to expl~in the
behavior of the pure oxygen burn as well as
the air burn. The coal dries anti contracts
with the preferential crack growth
perpendicular to the bedding planes. This
crack aooears to be a source of steam which
in turn’ ;eacts with any char, that may have
formed around the crack. This in turn
exPoses fresh coal which dries, cracks,

4===$
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FIG. 6- Cress secticm of drying experiment.

cmnbusts, etc. This sequence results in
preferential propagation of the cavity.

To confirm this under different flow
regimes, two high flow tests were
performed. One used air as the injectant
and the other was a steamloxygen burn.
These were Experiment 11 and 12
respectively. Figures 7a and 7b depict the
resultant cross section. Note that 7a, the
air burn, looks very similar to the low
flbw test, i.e., a zone at the top of the
cavity which contains little or no char and
thicker char zores at the side. Figure %
is more nearlv circular with a rather
uniform, thin char zone. These tests
differed from the low flow tests in that
growth was more symmetric with respect to
the injection point. This suggests the
lower flows allowed ash to accumulate on
the floor which inhibited downward growth,
while the hioher flows effectively keot the
floor clean a

Ouring this last test (oxygen/steam)
significant quantities of particulate were
formed. Approximately one pound of
particulate’s consisting of char, unreacted
coal and ash were collected in a knock-out
drum in the exhaust gas line. None of the
four previous experiments produced any
measurable quantities of particulate.
This tentatively indicates that excess
moisture (as steam) may provide a mechanism
which results in the formation of
particulate. These are in turn
transported out of the reaction zone by the
exhaust gas.

If this is the case then the early time
particulate excursions observed during the
Hoe Creek 111 (and Hoe Creek II) field
experiment may “have been agrevated by
excessive ground water intrusion into the
reaction zone.

.

FIG. 7 - (a) Cress section for high flow air bum.
(b) Cross secti.m for high flow steamloxygen bum.
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CONCLUSION

As a resultof these preliminarytests
a possible mechanism for the early time
performanceof the Hoe Creek III field
experimentmay be inferredwith respectto
cavitygrowthand particulateexcursions.

The Wyodak coal when dried cracks
perpendicularto the beddingplanes. This
exposesfreshcoal to the reactionwhichin
turn leads to drying and further crack
formation. This sequence results in an
upwardpropagationof the cavity.

Excess moisture in the reaction zone
may result in particulateformation. The
reason for this may have to do with the
steam/char reaction, but this is only
conjecture at this time. Further
experimentationmay providea satisfactory
answer.

At the small scale used in these
experiments,the cavity formed is empty.
There is no bed of rubblized coal. The
cavity formed is long with a high arched
roof. Larger tests will be needed to
determinethe ultimate size possible for
sucha cavitybeforeroofcollapseoccurs.

Small scale coal block experimentshave
provided some insight into early
performance of the field experiments
conductedat the Hoe Creek site. Further
endeavorsare plannedusing othercoalsand
larger blocks with the goal of
understandingthe “in-situ’)processand the
effectsof localhydrologyand lithologyon
thatprocess.
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